ABSTRACT: Background. The purpose of this study was to identify factors predictive of outcome in patients undergoing temporal bone resection (TBR) for head and neck cancer.
Malignant tumors of the temporal bone and external auditory canal are uncommon, with annual incidence estimated at between 1 and 6 per million. 1, 2 Cancers of the external auditory canal/temporal bone comprise <0.2% of head and neck cancers. 3 The rarity and anatomic complexity of these tumors hampered the development of an en bloc ablative operation until 1954, when Parsons and Lewis 4 from Memorial Hospital in New York first described the technique of subtotal temporal bone resection. Conley and Novack 5 refined this technique further in 1960 with the description of lateral temporal bone resection. Subsequent developments in imaging, microsurgery, reconstruction, and neuroanesthesia have all contributed to advancements in skull base surgery. As a result, oncologic temporal bone procedures, including lateral, subtotal, and total temporal bone resection, have become the standard of care for malignant disease involving the external auditory canal/temporal bone.
Survival and recurrence outcomes in patients with cancer of the external auditory canal/temporal bone have been reported in several single-institution series. Most cohorts have been limited to squamous cell histology, and comprehensive outcomes analyses have been limited. 2, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Further complicating analysis, there is no recognized American Joint Committee on Cancer (AJCC) or Union Internationale Contre le Cancer (UICC) staging system for tumors of the external auditory canal/temporal bone, with multiple systems having been proposed. 3, 16, 25, 26 To date, the most widely used system is the University of Pittsburgh staging system, first described in 1990 by Arriaga and colleagues 25 and modified in 2000 by Moody et al. 3 Other than Pittsburgh stage and surgical margin status, no other factors have been consistently demonstrated to be associated with outcome, and multivariable analyses of factors affecting outcome have not been reported. 7, 16, 20, 21 Such a comprehensive analysis of patient and tumor characteristics that are predictive of survival outcomes would aid clinical decision making and risk stratification. The objective of this study was to identify factors predictive of survival and recurrence in a contemporary cohort of patients undergoing temporal bone resection for cancer involving the external auditory canal/temporal bone. reconstruction, and radiation therapy. After review, we identified a cohort of patients with the inclusion criterion of malignant tumors involving the external auditory canal/temporal bone on either clinical or radiographic examination. This cohort included 10 temporal bone resections performed for periauricular cutaneous tumors closely adjacent to, but not grossly invading, the temporal bone, in which temporal bone resection was performed due to suspicion for occult bone invasion. Cases included epithelial, mesenchymal, and salivary histologies. One case of chondroblastoma, traditionally considered benign, was included due to the proclivity of this tumor to aggressive local invasion and recurrence. 27 We excluded 190 cases in which temporal bone resection was performed for a benign tumor, solely to enhance access to a tumor that was not invading or adjacent to the external auditory canal/temporal bone, or for a central nervous system tumor.
Patient, clinical tumor, pathologic tumor, and treatment characteristics were recorded. Cases undergoing treatment prior to referral to our centers were categorized as either recurrent or persistent, depending on whether a diseasefree interval was experienced prior to presentation. The most recent version of the University of Pittsburgh staging system 3 ( Table 1 ) was used to classify tumors, both clinically and pathologically. Periauricular cutaneous tumors invading the external auditory canal/temporal bone were classified using the Pittsburgh system 23 ; those not grossly invading the external auditory canal/ temporal bone were classified as ''unstaged'' in the Pittsburgh system, and also classified with the AJCC system. Parotid tumors involving the external auditory canal/temporal bone are classified T4 in either the Pittsburgh or the AJCC staging systems.
Currently at our institutions, the extent of temporal bone resection is determined by the extent of disease, and categorized as sleeve resection of the external auditory canal, mastoidectomy, lateral temporal bone resection, subtotal temporal bone resection, or total temporal bone resection. Although the approach has evolved over time, adjunctive superficial parotidectomy is generally performed for high-stage squamous cell carcinoma (SCC) of the external auditory canal or periauricular skin. Elective dissection of the cN0 neck is generally performed for SCC classified cT3-T4, for select other cases based on histopathology and clinical extent of disease, or when vascular access for microvascular reconstruction is required.
Outcomes analyses were performed for the entire cohort of 72 patients, and for the subset of 31 patients with SCC of the external auditory canal. Patient and clinical characteristics analyzed included age, sex, race, tobacco use, alcohol use, medical comorbidity, previous treatment, tumor location, tumor histology, local extension, facial nerve status, and clinical Pittsburgh TNM classification. Treatment characteristics included the type of resection, parotidectomy, neck dissection, craniotomy, facial nerve sacrifice, type of reconstruction, and adjuvant therapy. Pathologic characteristics included tumor histology; local extension; bone-, perineural-, lymphatic-, and angioinvasion; depth of invasion; pathologic Pittsburgh TNM classification; and margin status. Margin status was defined as negative, close (<5 mm) or positive. Actuarial outcomes including overall survival (OS), disease-specific survival (DSS), recurrence-free survival (RFS), and cumulative recurrence rates were calculated from the date of presentation, using the Kaplan-Meier method. RFS was defined as the cumulative probability of remaining 28, 29 ) estimated that our study sample size would be able to detect hazard ratios >1.7 with 0.80 power. Statistical analysis was performed in SAS 9.2 (SAS Institute, Cary, NC).
RESULTS

Patient characteristics
Seventy-two patients with tumors involving the external auditory canal or temporal bone met criteria for inclusion. 
Clinical tumor characteristics
Clinical tumor characteristics at presentation are detailed in Table 3 . Of 72 cases, 31 were squamous cell cancers of the external auditory canal. The most common 50.0%), followed by skin cancers arising from the auricle, concha, or periauricular skin (23 cases; 31.9%). Seven cases (9.7%) were locally advanced parotid tumors grossly invading the temporal bone. Remaining cases originated from the infratemporal fossa, mastoid bone, petrous apex, or temporomandibular joint. The majority of cases (54.2%, 39 of 72) were of advanced cT3-4 classification in the Pittsburgh staging system, as were the majority of periauricular skin cases (60%, 9 of 15) able to be classified using the AJCC system. Local tumor extension to involve critical structures was common, with 50 of 72 cases (69.4%) invading 1 or more of the following: the middle ear, otic capsule, petrous apex, infratemporal fossa, mandible, parotid gland, or dura. Eleven tumors (15.3%) invaded the middle ear, 7 tumors (9.7%) extended intracranially, 6 nonparotid tumors (9.2%) grossly invaded the parotid gland, and 8 tumors (11.1%) grossly invaded the mandible. Cervical nodal metastasis was uncommon at presentation, occurring in 6.1% of patients (4 of 66 patients with known clinical nodal status). All 4 patients had squamous cell cancers, 2 of whom had received prior irradiation. Of SCC patients without prior radiation, 2 of 24 (8.3%) presented with clinical nodal metastasis.
At the time of presentation, the facial nerve was paretic or paralyzed in 18 cases (25%): 5 of 7 (71.4%) parotid tumors and 13 of 65 (20%) nonparotid tumors. The nonparotid tumors causing facial nerve dysfunction included 9 periauricular skin cancers (5 SCC, 1 BCC, 1 melanoma, 1 eccrine carcinoma), 2 SCC and 1 BCC arising from the external auditory canal, and 1 malignant fibrous histiocytoma (MFH) with mastoid invasion.
Mode of treatment
Details of surgery, reconstruction, and adjuvant therapy are summarized in Table 4 . Lateral temporal bone resection has been the most common procedure performed, accounting for 60 cases (83.3%). Five cases (6.9%) required subtotal temporal bone resection, and 2 cases (2.8%) required total temporal bone resection due to locally advanced disease. Only 3 patients in this cohort underwent sleeve resection of the external auditory canal, for 2 cases of localized SCC of the concha in the early years of the study, and for 1 BCC of the tragus and concha. Two patients underwent simple mastoidectomy alone, in 1 case of auricular SCC and in 1 case of MFH.
Due to the large percentage of locally advanced tumors, 55 patients (76.4%) also underwent additional surgery outside of the temporal bone. Superficial parotidectomy was performed in 41 of 65 nonparotid tumors (63.1%), including nearly all (88.9%, 16 of 18) squamous cell carcinomas of the external auditory canal classified cT2-4. Segmental mandibulectomy was performed in 14 patients (19.4%) and craniotomy in 11 patients (15.3%). Neck dissection was performed in 44 patients (61.1%), including 20 of 24 SCCs (83.3%) classified cT3-4.
Pathologic tumor characteristics
Pathologic analysis (Table 5 ) confirmed the advanced extent of these tumors. The majority (60.9%, 42 of 69) of tumors were classified pT3-T4 on the Pittsburgh scale. Among tumors in which pathologic extent of invasion was examined, there was a high incidence of bone invasion (44.9%, 31 of 69), perineural invasion (42.6%, 29 of 68), and angioinvasion (45.9%, 17 of 37). Of 10 temporal bone resections performed for periauricular skin cancers not grossly invading the external auditory canal/temporal bone, 2 were found to have occult bone invasion.
Of patients undergoing superficial parotidectomy in whom pathologic examination for tumor invasion and/or parotid nodal status was performed, 35.9% (14 of 39) had pathologically confirmed direct tumor invasion, and 25.0% (7 of 28) had metastatic disease within intraparotid lymph nodes. Within the subset of 31 cases of SCC of the external auditory canal, 25.0% (5 of 20) had pathologic evidence of direct parotid invasion, and 42.9% (6 of 14) had parotid nodal metastases.
Surgical margins were close or positive in 41.7% of all cases, and in 56.7% of cases classified T4. Limited to cases of SCC, margins were close or positive in 37.8% of cases, and in 46.7% of cases classified T4. Among patients undergoing neck dissection, there were only 2 cases of clinically occult cervical metastases, both in patients with SCC, neither of whom had received prior irradiation. The incidence of clinically occult cervical metastasis among not previously irradiated patients with SCC was 12.5% (2 of 16).
Predictors of survival
For the entire cohort of patients undergoing temporal bone resection, 5-year overall survival (OS) rate was 62.3%, disease-specific survival (DSS) rate was 70.4%, and recurrence-free survival (RFS) rate was 45.5%. When limited only to cases of SCC, 5-year OS was 63.2%, DSS was 67.7%, and RFS was 53.5% ( Figure 1) .
Univariate analysis to identify factors associated with OS, DSS, and RFS was then performed. Pittsburgh T classification was not a strong predictor of survival: 5-year DSS ranged from 87.5% in pT1-2 tumors to 63.4% in pT3-4 tumors (p ¼ .20, log-rank). Similarly, histology was not a strong predictor of survival. However, pathologic regional (neck or parotid) nodal metastasis was a strong predictor of survival, with node-negative patients experiencing 5-year DSS of 74.8%, compared with 40.0% for node-positive patients (p ¼ .003, log-rank). Limited to tumors with SCC histology, 5-year DSS was 80.8% in node-negative patients, and 18.8% in node-positive patients (p < .0001) (Figure 2 ). In addition, margin status was a strong predictor of 5-year DSS, among all patients (81.7% vs 50.0%; p ¼ .03, log-rank), and among patients with SCC (90.5% vs 29.4%; p ¼ .001, logrank).
Multivariable Cox regression was then used to identify factors that were independently predictive of outcome, when controlling for 2 statistically significant and clinically meaningful covariates: regional nodal metastasis and margin status. The additional factors that were independently predictive of 1 or more survival outcomes were: advanced Pittsburgh pT stage, middle ear invasion, mandible invasion, pathologic bone invasion, pathologic parotid invasion, performance of craniotomy, and need for facial nerve sacrifice. Parotid gland and mandible invasion were significant predictors of all 3 survival outcomes. These results are detailed in Table 6 .
Recurrence of disease
The 5-year cumulative rate of recurrence was 50.2%, mostly due to local and distant failure. For all cases, the 5-year rates of failure (at any time) were: local, 20.5%; regional, 5.5%; distant, 22.9%. Limited to cases with SCC histology, the 5-year rate of local failure was 33.5%; regional failure, zero; distant failure, 6.3%.
The rate of recurrence was highest for salivary tumors, all of which failed with distant metastases within 24 months. In comparison, the 5-year rate of recurrence was lower for other histologies, 41.7% for epithelial tumors, and 50.0% for mesenchymal tumors (p ¼ .003, log-rank).
Rates of failure were significantly elevated among patients with tumors classified pT3-4, with a 5-year recurrence rate of 71.5%, compared with 22.3% in pT1-2 tumors (p ¼ .02, log-rank). Similar results were observed in tumors with SCC histology: 63.8% in pT3-4 tumors vs 18.8% in other tumors (p ¼ .06, log-rank). In the pT3-4 (all histologies) subgroup, the 5-year rate of local failure was 40.2%; regional failure, 14.4%; distant failure, 28.0% ( Figure 3) .
The mean time to recurrence was 13.1 months. Of patients experiencing local recurrence, surgical salvage was attempted in only 4 of 14 patients (28.6%), due to unresectable skull base involvement or synchronous distant metastases in the remaining cases. These 4 cases comprised 3 SCC and 1 basal cell carcinoma, and attempts at local salvage were successful in all cases, defined as achieving survival of at least 24 months. In unsalvageable local recurrences, 9 of 10 were SCC, and mean survival was 7.6 months. Of patients failing at distant sites, mean survival was 18.6 months. As a result of the low rate of salvageable recurrences, DSS was significantly poorer in patients experiencing recurrence (36.1% vs 96.3%, p < .0001, log-rank), as shown in Figure 4 . Abbreviations: OS, overall survival; DSS, disease-specific survival; RFS, recurrence-free survival; HR, hazard ratio; TBR, temporal bone resection. * Advanced: T3-T4. † Regional: cervical or parotid nodes.
DISCUSSION
Cancers involving the external auditory canal/temporal bone are generally associated with poor prognosis. The rarity, diversity, and anatomic complexity of malignant disease involving the external auditory canal/temporal bone have limited our understanding of oncologic outcomes. The extant literature consists of numerous case series that have reported a wide range of survival data, reflecting differences in the underlying characteristics of cohorts drawn from various institutions. 1, 6, [8] [9] [10] [12] [13] [14] [15] 18, 19, 22, 24, [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] Historical survival data can be most readily generalized to clinical practice if factors predictive of outcome can be identified. Several larger series have reported preliminary descriptions of factors influencing survival, based on univariate comparisons. 2, 6, 7, 16, 20, 21, 24 In this study, we use multivariable analyses to identify factors independently associated with survival and recurrence in 72 patients undergoing temporal bone resection over 16 years at our 2 affiliated institutions. In all, 80% of cases were epithelial cancers, and 83% of patients underwent lateral temporal bone resection as the primary temporal bone procedure. Seventy percent of tumors involved local critical structures. Many patients underwent adjunctive procedures such as parotidectomy, mandibulectomy, facial nerve sacrifice, or formal craniotomy. The parotid gland was at high risk in squamous cell carcinomas of the external auditory canal: these tumors invaded the parotid gland in 25% of cases, and metastasized to the parotid gland in 43% of cases. Overall, the incidence of neck metastasis was low, both clinically (6%) and on pathologic analysis (13%), although these numbers should be interpreted with caution because nearly a third of patients had received prior radiation therapy.
Despite radical surgery, surgical margins were close (<5 mm) or positive in one third of cases, and in the majority of pT3-4 cases. Although 5-year DSS was 70%, the 5-year cumulative rate of recurrence was 50%. Recurrence rates were particularly high in parotid tumors (100%) and in pT3-4 tumors (72%), attributable mainly to local and distant recurrences. The majority (71%) of local recurrences were not salvageable and, accordingly, mean survival in patients recurring locally was 7.6 months. On multivariable analysis, the strongest predictors of survival and recurrence were surgical margin status and the presence of extratemporal disease: regional (neck/parotid) metastases or invasion of the parotid gland or mandible.
Before proceeding, it is worthwhile to consider some caveats to our findings. First, patients referred to our centers had a high incidence of advanced or previously treated disease, and overall statistics may not be generalizable to patient cohorts at other centers. Furthermore, this analysis was limited to patients undergoing surgery, and the outcomes of patients triaged to nonsurgical therapy due to unresectable disease would not be reflected in this study. For these reasons, multivariable analysis is valuable, by identifying factors independently associated with outcome. Second, our restriction of this cohort to contemporary patients necessarily limited sample size. This may have reduced statistical power to identify more subtle determinants of outcome, as described in the Methods section. Taking into account these limitations, we were nevertheless able to identify several strong independent predictors of survival and recurrence in this analysis. Finally, because this was a retrospective study, we were unable to evaluate how specific surgical interventions or adjuvant therapies influence outcome; these questions would be most appropriately addressed in a prospective study.
Strengths of this study were the inclusion of the largest contemporary cohort reported to date, high-quality pathologic analysis, and the use of multivariable statistics. To the best of our knowledge, no multivariable analyses of predictors of outcome in patients undergoing temporal bone resection have been reported, making this analysis the first to identify independent predictors of survival and recurrence outcomes (see Table 7 ). The literature on temporal bone resection includes important data that have been contributed by several large series. 2, 6, 16, 20, 21, 23, 24 However, most of these reports have been based on patients treated over the past half-century or longer. Treatment has changed substantially during this time. Since the initial description of the en bloc temporal bone resection in 1954, therapeutic capabilities have rapidly evolved to include high-resolution cross-sectional imaging, oncologic and neurotologic microsurgery of the lateral skull base, microvascular reconstruction, and intensity-modulated radiotherapy. These advances underscore the value of basing outcomes analyses on a contemporary cohort.
The existing literature reports a wide range of survival outcomes in patients undergoing temporal bone resection, with 5-year OS rates ranging from 31% to 76%, and DSS rates ranging from 42% to 80%. These numbers are reflections of the underlying characteristics of the patient cohort at each institution. [8] [9] [10] [11] [12] [13] [14] [15] [17] [18] [19] 22, 23, [30] [31] [32] 34, 35, [37] [38] [39] [40] [41] [42] Attempting to improve understanding of prognostic factors, 5 groups have recently analyzed outcomes using univariate analyses. In 1997, Testa et al 20 Based on these outcomes data, we currently consider the minimum operation for the vast majority of malignant disease involving the external auditory canal/temporal bone to be a lateral temporal bone resection. Sleeve resection may be contemplated in conchal SCC that does not breach the external auditory canal, or in small cT1 basal cell carcinoma of the external auditory canal. In carefully selected cases of cutaneous malignancy of the postauricular skin invading a localized area of mastoid bone, a cortical or simple mastoidectomy may be sufficient. In cases of squamous cell carcinoma of the external auditory canal, we advocate a superficial parotidectomy as an en bloc adjunct to temporal bone resection due to the high rates of occult parotid invasion or parotid nodal metastasis. The deep lobe of the parotid gland should also be carefully inspected at the completion of superficial parotidectomy, but deep lobe parotidectomy will rarely be necessary.
The data in this study confirm a low rate of occult disease in the neck, and a low rate of neck recurrence, and routine elective dissection of the cN0 neck may not always be necessary. However, we do perform elective neck dissections in patients with locally advanced cases of SCC (of the external auditory canal or periauricular region), in other select high-risk cases based on histopathology and tumor location, and in patients requiring vessels for microvascular reconstruction. Finally, our data reveal a strikingly high rate of local recurrence in cT3-4 cancers involving the external auditory canal/temporal bone, especially primary parotid cancers, underscoring the need to consider adjuvant radiotherapy, even in cases lacking traditional pathologic adverse features such as perineural invasion, positive margins, or regional nodal metastasis. The strongest negative prognostic factors in this study were neck metastasis, positive surgical margins, and extratemporal spread of disease, especially to the mandible, parotid gland, or brain/dura.
